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Summary. The relationships between biological indicators 
and exposure or tissue burdens are determined by the 
pharmacokinetic behaviour of the chemical- They can be 
studied by pharmacokinetic models of various types. Simple 
pharmacokinetic models axe used here to describe general 
relationships valid for large groups of chemicals or situations. 
Important parameters ro consider are the half-tife of the 
biological indicator, the individual variability and the exposure 
variability. Biological sampling strategies are presented for 
monitoring of groups of workers, or individual workers. For 
Specific chemicals, mainly solvents, more elaborate models 
can be developed, i.c., physiologically-hascd pharmacokinetic 
models including physiological, metabolic and physico¬ 
chemical parameters. Such models are useful to describe the 
influence of confounding factors. Physiologically-based 
pharmacokinetic models can also be developed for metals 
and metalloids. Antimony is presented here as an example, 
In conclusion, pharmacokinetic modeling brings much 
information on sampling time, sample size, limit values, 
effect of physical workload and of individual physiological 
parameters. 

Key words; Biological monitoring — Pharmacokinetic 
modeling — Statistics — Half-life 



Introduction 

The use of biological monitoring to assess occupational 
exposure is complicated by the variability in biological 
levels of chemicals which can be observed both as a function 
of time, and at a given time between individuals. Fig. 1 
presents the kinetic behavior of 2 hypothetical biological 
indicators in 3 situations: a constant steady exposure, a 
constant industrial exposure and a fluctuating industrial 
exposure (Drox and Wu 1991). Biological levels are largely 
influenced by exposure conditions and their relationship to 
exposure is not univocal. In a real situation, biological 
variability would still make the situation less evident, due 
to both within a worker and between workers differences. 


Fig. 1. Biological indicators with balF-ltvcs of S and SO h til 3 
situations: (A) continuous exposure. (3) constant industrial exposure, 
(C) fluctuating industrial exposure (lognormal distribution tSSEfcr 2,0) 
(DsoZandWn 1991). 

Data in Fig. 1 can be described and analysed using 
pharmacokinetic techniques. In order to establish a good 
biological monitoring procedure, many general questions 
have to be addressed. (1) Looking at variability in Fig. 1 
and ihc added biological contribution, is biological monitoring 
really much more efficient than personal air monitoring? It 
can well be ihau at least under certain circumstances, air 
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tnomloring gives a bcuer indication of the true exposure of 
a worker than biological nrion i to ring. (2) Knap lag in mint! 
the variability associated with biological data, how many 
tunes is it necessary to sample a worker to assess its risk of 
exposure? (3) Similarly, if the exposure of a group is of 
interest, how many workers should be monitored? (4) Now 
in terms of routine monitoring over time, how frequently is 
il necessary to sample a worker (or a group of workers) in 
order to be able to derect any change in the exposure conditions? 
(5) If biological indicator results are so variable, it might 
well be that this variability indicates differences in risk. 
Therefore, for which biological indicators would this be true 
and for what kind of health risks’? (6) For chemicals with 
high rates of penetration through the skin, biological 
monitoring has an important role to play, and is a much 
better approach than air monitoring. There are, however, 
only limited experimental information available for dermal 
penetration rates. (7) In the case of aerosols of metals, the 
particle size plays a role in the relationship between biological 
monitoring data and the exposure. This is also true for the 
aerosol solubility in the lungs and in die gastrointestinal 
tract. 

Although alt these questions can and should be addressed 
experimentally, a rather efficient approach is to integrate all 
important parameters in u model framework. This is the 
principle used in pharmacokinetic modeling. The objective 
of this presentation is to study the questions described above 
using pharmacokinetic models of 3 kinds: (I) a simple 
one-compartment pharmacokinetic model to describe the 
general behavior of biological indicators, and establish general 
rules, (2) a physiologically-based pharmacokinetic; model 
which allows the integration oF many physiological variables, 
and (3) a model of dermal uptake. 

Methods 

One-compar/ment pharmacokinetic model. The onc- 
comparupani; pharmacokinetic (OC-PK) modal used it described 
mathematically by the IbUc'Ving muss balance equation: 

(J) VcC = KJSjet ■ KjCdl 

whctc V = volume of dimibution of the compartment 

K, = first order rate cans mm for the absorption into the 
com p Artyn cn i 

1^. = fim-ordar Take constant for the ctunxnAilon out to the 
cojripanrntnt 

C — Concentration pf chemical fn the compartment 
— concentration of tire chemical in inspired air 
The half'life l ^ of the chemical in the compartment can Txs calculated 
with? 

( 2 } 

K* is a global constant containing the pulmonary ventilation, tile 
retention in the Itm&s and if there is metabolism, the fraction of the 
inirical chemical described by the OC-PK mode. It can alio represent 
the formation rate of a metabolite from the parent chemical. 

Physiologically "based pharmacokinetic model. The 
physiolofiic«l!y-b*scd pharmacokinetic model (PB-PK) is a 7 
compartment model in which the compartments have the following 
physiological meanings: (1) lungs* muscles and skin. 93) fatty 
tissues, (4) brain, (5) kidneys, (S) liver and (7) other (issues. Two 


non-physiological ccintpArtmciUj; are used to model the 

phiiortacokiijuried of 2 peierttial metabolite.* (ftroz cl a}, 1939a). Thij 
model is floW'limilcil and therefore ran only bo used for uranic chemical^ 
whiuh permeate very rapidly through membranes. F<irea.ch comparuncm, 
a mass balance equation can be written. For example for tissue i, with 
volume Vj, blood perfusion Qj and partition coefficients tissue-gas 
W VjhfdC. -0, ^C a 4t - Q^Cfdi 
with C a — arterial blood emccniraiion of chemical 
Cj = venous blood concentration of chemical 
Tor ihe lung compartmem a similar equation can be written, bui alffo 
including pulmonary ventilation- Metabolism in the liver, and 
metabolite elimination are described by first-order rate constants. 

Individual and exposure variab ili ty can be introduced by making 
some parameters variable: exposure concentration, physical workload 
(and therefore cardiac output, Wood perfusions and pulmonary 
ventilation). U»dy build, liver function *utd mlAl function. In order to 
simulate groups of worker^ lhese parameter* are introduced us a 
statistical distributions by mitig Monte-4Zarlo simulation technics (Drox 
ct al.. f9S9a). 

Dermal uptake model. Dermal uptake can he simulated by making 
an input into ihc skin compartment of a PB-PK model, or directly into 
the single compnrwcru of a OC-PK model. The dermal flax F u (rate of 
penetration per unit skin area) is calculated by a two parallel pathway 
modal (polar and lipophilic) (Piscrova-Bergerova cc aJL 1990), Kd is 
calculated from water solubility C M , octanal-waler partition coefficient 
F, and molecular weight MW by; 

(4) Fj -C (0,03$ •*- OJS3 P) d** 1 * M / }$ 

SUHLSliCCll COflCCplS. Variability in exposure concentration is 
described by lognormal distributions character!I^d by their geometric 
standard deviations (GSD). The corresponding coefficient of variation 
(CV) can be computed from GSD using lire relationship (thoz at aL 
19&9b>! 

(5) 

Exposure variability is transmitted to the concentration of rhe chemical 
ir> the body according lo a transmission factor (variability of the 
biological levels o^er that of exposure) which can be calculated Cor an 
8 h industrial exposure by (Rappapon. 1991); 

(6) HA = O-e' 24 *') (]-<,- ,tS!ss *) i (l-c r ^‘) (l-e^f* 

Variability in biological consecrations of chemicals CV T is a function 

of both the variability due to exposure CV c and ttre individual biological 
variability CV Assuming that these 2. contiihuiions ate unrelated 

(Leadel ct &1. 1977): 

(7) CV r *{CV/+cv i 7 ] K 

CV a is itself a function of tile exposure GSD arid the h&lf-lifc T through 
formula (6). 

Daily exposures are usually not considered au loco rrelated, bin 
biological levels of chemicals can be autocorreialcd due to finite rales 
of elimination. They are described by a first order autoregressive process 
according lo the following model (Drab and Wu 1991): 
m Y^tfFbd + bjY^-Hi 
where Y r » biological concentration on day i 

Y lml rs biological concentration on day t-1 
\L * lung term mean biological con cm nation 
bj =- first lag autoregressive coefficient 
A — term describing random variations 
The sutregnssi-ivc coefficient {<; a function of half-life; for the day-ka-day 
au to corrclu ti on: 

(SJ b,-e' <24U ’ 1> “ li 2 

and for higher lags, for example n days 
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When comparing biologicm! monitoring recite with a biological limii 
value (UL.V), iL is important to eonsidev confidence intervals. The upper 
95% confidence limit (UCI,^) ami lower confidence limit (LCL 95 ) are 
calculated with (Lcidcl ctal 1977): 

(it) UCL PS - Y1BLV + 1,645 CV r l vh 
(12) LCL 9S - Y) BLV - 1M 5 C V,. / V„ 

where Y — mean of the biological measurements 

BLV ' biological limit value such as BEL OAT or cithers 
n — numlicT of measurements 

Analysis of repoaicd mcasuntmerui over lime can also be carried out 
using control chans of mean and range (Hawkins and tondr-nberger 
1991). 


Results and discussion 
Air versus biological monitoring 

Biological monitoring has many advantages over air 
monitoring. Mainly it is an indication of the total dose 
absorbed, integrating all routes of intake, and specifically 
derma] uptake. Algo it is an elegant tool to assess residual 
exposure when respiratory protections are worn. However, 
when those factors ait not important, the usefulness of 
biological monitoring is often questioned. This is especially 
true when considering the large variability often identified 
when comparing air and biological monitoring results. 

Variability in biological results is due to fluctuations in 
exposure (characterised by a GSD) and to individual biological 
variability (charcateriscd by a CVb). Exposure variability is 
transmitted lq the biological concentrations depending on 
the half-life of the chemical in the body. Therefore, observed 
variability depends on exposure and biological variability, 
as well ns on die half-life. Fig. 2 presents the estimated 
number of biological samples which have to be collected in 
order to test whether exposure is below the acceptable level 
(Droz. and Wu 1991). This is calculated with (Rappaport 
1991): 

(13) » . [7,(1 - a) + (1 - P)]*[S? + 0.5 s„ J I [d - H,) / 

BLV,f 

where a = significance level (0.05) 

]) = statistical power (0.10) 
fij = true mean of the biological indicator 
s b ~ ~ variance of the lagiransfotmed biological indicator 
In Fig. 2 is also shown, the number of air samples required, 
calculated, in die same way; a range of 4 exposure variabilities 
is considered from a GSD of 1.5 to 3.5. For biological 
monitoring a median biological variability with CV b = 0.3 
is presented together with extreme values oFO.l and 0.9. 

The comparison of the number of samples required Tor I 
air and biological monitoring lead 10 the following comments. 

(1) for half-lives below 10 h, there is no statistical advantage 
in using biological monitoring, 

(2) for half-lives greater than 10 h, and with elevated 
environmental variabilities, there is a definite advantage 
for biological monitoring, whatever biological variability 
is considered, 

(3) lor moderate environmental variabilities, biological 
monitoring for chemicals with half-lives greater than 10 
h is only useful jf the biological variability is moderate. 


S55 

It should also be observed in Fig. 2 that the number of air 
samples statistically required is rather high, and that in 
certain circumstances substantial savings can be achieved by 
using biological monitoring. 

Sample size to characterize a worker's or group's exposure 

Biological monitoring is often used to assess an exposure 
situation at a given time, cither on an individual basis, or 
for a group of workers. Due to variability, decisions cannoL 
be made on a single sample. Decision making uses the 
concept of confidence intervals. Fig. 3 presents what ihe 
mean .of the measurements should be to be confident at 95% 
that the true long term exposure is below the BLV, for 
different sample sizes n f 1.2, 5 and 10). Calculations were 
done with an exposure GSD of 2,0 and biological variability 
with CV b of 03 (range 0.1 to 0.9). 

As mentioned above, half-life plays an important role. 
For shore half-lives, smaller than 10 it, hardly no decision 
can be made for long term exposure. Many more samples 
should be taken. At the other end, with half-lives greater 
than 500 h, relatively efficient decisions can be taken based 
On only I Sample already. Therefore when estimating the 
long term exposure, biological indicators should be given 
preference. Some of the disadvantages of biological indicators 
with short half-lives could be compensated by carrying 
muliisampling. 

The same discussion can be carried, out for monitoring of 
groups of workers for their long term exposure. Fig. 4 
presents results, calculated in the same way as for a single 
worker, for groups of 5, 10, 50 and 100 workers. The plots 
are for decisions made for the mean exposure of the group, 
and do not guarantee that single workers in the group are 
not overexposed. 

Routine monitoring, how frequent and how many? 

One of the main objectives of biological monitoring is the 
surveillance to confirm that exposure is under control. In 
other words, biological samples are taken repetitively over 
time, with the hope that if changes in exposure occur, they 
will be detected by a careful ovservation of the data. Control 
chart technics can be applied in this situation. 

The main difficulty here is to separate random fluctuations 
from fluctuations produced by real changes in exposure. As 
variability in biological data is a function of the half-life, 
one can expect that different biological determinants will 
have different capabilities to detect exposure changes. In fact 
there arc two opposing factors: the longer the biological 
haff-life is, the lower the variability (an advantage), but the 
longer the half-life, the slower the indicator will respond to 
a change in exposure, therefore, delaying the indicator of 
Overexposure (a disadvantage). The influence of these factors 
can be quantified by the use of a OC-PK model, combined 
with the use of confidence limit?. One way to approach this 
quantitatively is to compare the 95% upper confidence limit 
(UCL b s ,) of the data before the change in exposure, with the 
lower confidence limit (LCL' W ) after the change. 

(14) UCL.\ S = 1 + 1,645 CV r i 'In 

(15) LCL% ; - (( + (C l) (i - e' ax ‘) (t - 1.645 CV T i V*J 
where n = number of samples or workers in a sampling 
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pi R . 2. Predicted biological and air sample size as a funccran of th« hull'life for 3 range of indi t/ idtfa]l variabilities (mean CV 0,30. rtAge 0.10 fc> 
0,90) and diffrratt erxposiu'c variubQjlict! (A.) GSD l.ti, (B) GSD 2.0. (C) GSD 3.0, (D) GSD 3*5. 
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Fig. 3. Predicted ratio - biological measurement vo biological limit - (Y-axig) 10 be confident al 95 % that the true long term biological level is 
below the limit. Results are shown as a function of rhe half-life (X-axis) and for a range of individual variabilities (mean CV 0.30. range 0-10 to 
0.90). and for an exposure GSD of 2,0. (3 A) one sample from a single worker. (3B) 2 samples from a single worker, (3C) 5 samples from a single 
worker, (3D) 10 samples from a single worker. 
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Sig. 4. Predicted ratio - biological measurement to biological limit - (Y-axis) to be confident at 95% that the true long term biological level is 
below the limit. Results are ehoWit as a function of the half-life (X-axis) anti for 3 range of individual variabilities (mean CV 0J3D, range 0.10 to 
0.90). arid for all exposure Rsn of 2.0. (4A) group of 5 worker:, (4B) of 10 workers, (4C) of 50 workers and (4D) of 100 workers. 
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Table I. Range of biological (Jolcrminanu}. by Iheir biological 

half-lives, detecting a change of a factor of 2 in exposure. 


Biological half-life Ih] 


Frequency'*** single rvorfeer [samples -1 ] Gmup [w.irt'r':)*'-' 



j 

2 

7 

5 

10 

daily 

ns 

ft* 

ns 

0-15 

n-50 

wcclky 

HR 

10-100 

5-150 

0-200 

0-700 

monthly 

50-150 

10-800 

S-1000 

O-10000 

0->1000 

quarterly 

50-1000 

10->1000 

6 ->1000 

O-?»i0G0 

0->1000 


* dttsision made on the mean of 2 or 3 sample? 

*’ dcsision made on the mean of the group of S or 10 waiters 

*»* frequency at which biological samples are taken 
na indicates not significant whatever the half-life is 


action 

CV T = combined coefficient or variation 
t = days between sampling actions 
C = change in exposure (afler/before) 

When the LCL% S after |hc change becomes greater (ban 
UCL :, gs before the change, one can say, for comparison 
purpose, that at this poinilhe change can be deiectci Tabic 
1 presents the results obtained for a change in exposure by a 
factor of 2. The exposure variability used, both before and 
after Ihe change, has a GSD of 2.0. Biological variability is 
considered as medium with a coefficient of variation of 
030. Five situations are presented: monitoring of a single 
worker 1, 2 and 3 rimes, and monitoring of groups of 5 and 
10 workers. When several samples are taken, the decision is 
taken on the mean of the results. Results are presented in 
terms of half-lives when sampling every day, week, month 
and quarter. 

For example, the application of Table I to the case of 
organic volatiles in blood or breath at the end of the workshift 
(tp 0.5 - 2 h) gives the following information: 

(1) this biological monitoring never allows detection of a 
change in exposure by a factor of 2 for a single worker 
(with a maximum of 3 samples per sampling action), (2) 
this method only valid on groups of workers, and at any 
sampling frequency. 

For triehloraethanol in urine at the end of the workshift (r w 

3.2 h): 

(1) it cannot be used to monitor a single worker based on 
only oris sample, but 2 or 3 samples should be taken and 
the interpretation done on the mean of the samples, 

(2) samples should not be taken more frequently than on a 
weekly basis, 

(3) for groups of 5 to 10 persons, the test (on die group 
mean) is always significant. 

For lead in blood (t^. 900 h): 

(1) single workers can be monitored based on one sample 
taken every quarter, but not more frequently. 

This latter case indicates an interesting properly. For biological 
indicators with long half-lives, sampling should not be done 
too frequendy. as the exposure changes only have a slow 
and delayed eflectes on the indicator. 

Indicator of target site concentration or external exposure? 


SS7 


The above discussion was on the relationships between 
biological indicators and external exposure, assuming that 
variability has no toxicological implications. In fact variations 
in biological levels could potentially be related to variations 
in target doses and therefore to biological effects. ThePB-Pit 
model can be used to improve the understanding of the 
relationships between biological indicators and target doses. 
Groups of workers having different exposures and individual 
parameters (body build, liver function, renal function, physical 
workload} are simulated using Monte Carlo simulation 
technics. Results are then analysed by linear regressions 
between the biological indicators and die target dose chosen 
concentrating on the residual variability which can be described 
by a coefficient of variation (dispersion around the regression 
lines) (Droz et al. 1989b), Some results are presented in 
Fig. S for4 solvents: terrachlorocthylene, trichloroclhylene, 
mclhylchlorofonn and styrene. For each Solvent relaiionships 
between their mam biological indicators and the following 
internal and external exposure concepts were studied: average 
last day air exposure (TWAD) average last week air exposure 
(TWAW) total dose absorbed during the last day (ABSjD) 
and the last week (ABSW) average brain concentration of 
the solvent on Lhe last day (BRAIND indicator of acute 
CNS health effects) amount of active metabolites formed 
(BIOWC indicator of metabolism mediated toxicity). The 
coefficients of variation CV give an idea of the indicator; 
the smaller the CV, (he belter the indicator is. 
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Fj£. S. Comparison of Various biological air monitoring indicators 
as predictors of internal and external exposure. Lxgcnd; ES=cnd of shift. 
NM=next morning. TCA^lriahioroacciic acid. TCE^uichioraihanol. 
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importance of derpial erasure? 

Modeling of exposure to industrial chemicals is mainly 
carried out for inhalation exposure. Nevertheless a large 
number t>[ chemicals can potentially penetrate into the body 
through direct contact with the skin. Few experimental data 
arc available to describe this route, and therefore modeling 
of the penetration flux is of great interest to predict lor 
which chemicals this route is important. Biological 
monitoring will be of outmost importance for these chemicals. 
Table 2 presents some examples of flux and amount absorbed 
through skin under different scenarios (Droz at al. 1991). 
The amount absorbed by inhalation al the Threshold Limit 
Value (TLV-TWA) (ACGIH 1991) is also given for 
comparison.. Bold face means that skin uptake is greater 
than pulmonary uptake. 

Metal aerosols, rote of panicle she and solubility? 

Uptake has been considered as being proportional lo exposure 
concentration for a given chemical, even (hough retention of 
course can change with pulmonary ventilation and arterial 
blood concentration. For metal aerosols, two parameters 
make the situation different (1) For the same metal, aerosols 
can be of different median aerodynamic diameters, depending 
on the industrial process. This will lead ro deposition 
quantitatively different in the lung regions, and therefore 
change the absorption pattern. (2) As opposed to organic 
volatiles, solubilisation of metals in ihc lungs can be limited, 
and change from one compound to the other. This will lead 
in some cases to accumulation in the lung compartment. To 
illustrate this aspect, a simple pharmacokinetic model is 
constructed for antimony in Fig- 6. Only 1 compartments 
arc used to describe the lungs: the gas exchange region 
(GER) from which solubilisation occurs, and the combined 


Table 2, Comparative crumples of skin wad pulmonary abiorpiiun 



Flux 

TLV 

Ab&orfeil pfcr day (mg1 




lungs 

...... 

skin 


Chemical 

[mg/on^/h] 

[nig/m 

3 J A 

B 

c 

D 

Aniline 

0.6455 

7.6 

S&.4 

72 

1)52 

4611 

Biphenyl 

0.07 S9 

1.3 

9.98 

S.S 

136 

546 

O'Cfcsol 

4.5338 

32 

169 

510 

8161 

32643 

Dietdrin 

0.0013 

0.25 

1.92 

o.ts 

2.3 

9.4 

Diinettiylfpnu amide 

1,0347 

30 

230 

116 

1862 

7445 

2 - Etfioxy ethanol 

1.2054 

18 

138 

136 

2169 

8679 

Styrene 

Q.S166 

213 

1635 

58 

929 

3719 

Lindarte 

0.0087 

0.5 

3-84 

0.98 

tfi 

62.6 

Me!li,n!uJ 

0.1 

262 

2012 

11 

180 

720 

ftdcihyl chloroform 

0.87 

1910 

14669 

98 

1566 

6264 

Methylene chloride 

0.14 

174 

1337 

is 

252 

i00B 


A akveaikur veblukaTUib if lfi 1/itliit and 100% alveolar relcnlicrn 
B infrajucnl skin exposure; 1 hantl (450 cm 2 ). 15 minutes per day 
C frequent skin contact; 2 hands (900 2 h per day 

D pcni7<menr skin contact: 2 ban da (pt]0 cm 2 ), 8 h per day 


inhalation ingestion 
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Fifi- 6. A simple FB-PK. model for antimony with a 2 compartment 
lung (I1AR/TBR head airways and tracheobronchial rtgiods, wilh 
rcspc&ii u c cl curort ecs or 35 h and 72 or 720 h. for high and low solubility 
compounds), G astro-intestinal absorption is 25%, bilaiy excretion 90% 
and urinary excretion half-life 1 .5 h. 



Time [days] 

Fig. 7. Urirtaiy anliroony conccfilraaous during 4 WSOks of industrial 
exposure Lo dust. (d) and fume? (f) of low (I) fmd high (II) solubilities. 
Urine formation rate is 1 ml/ miit . 


head airways CHAR) and tracheobronchial (TBR) regions 
(Phalen ct al. 1986), where clearance is done via the 
gastromiesrina] tract (Gl) (Smith 1985). Antimony in the 
body is distributed into one single compartment, and excreted 
in the urine (Rees ei al. 1980) and in (he bile (Bailly ei aL 
1991). Realistic numbers for the various parameters are 
shown in Fig. 6. 


In order to illustrate the importance of solubility and 
particle size, simulations were carried out for 4 different 
situations: exposure to dust (3U% respirable) of highly (half- 
life in GER 72 h) (1) and slightly soluble (720 h) (2) 
antimony compounds, exposure to fumes (100% respirable) 
of highly (3) or slightly (4) soluble antimony compounds. 
The results of urinary excretion obtained are shown in Fig* 
7 for a 4 week period of industrial exposure to 500 pg/m . 
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The highest urinary excretions are obtained for exposure to 
fumes of high solubility, the lowest lor dust or low solubility. 
The curves obtained also show different shapes, the differences 
between pre- and post-shift samples depend greatly on the 
physico-chemical characteristics of the aerosol. It is not 
surprising therefore that relationships between externa! 
exposure and urine concentrations vary much from one 
industrial situation to another. Urine concentrations arc a 
better indicator of systemic dose than of the external exposure. 
However, lung burden often of interest in the case of exposure 
to aerosols, is not expected to he very well related to biological 
levels, ft is more likely to be better predicted by air 
monitoring. 


Conclusions 

Both simple OC-PK and sophisticated PB-PK models, 
combined with statistical descriptions and Monte-Carlo 
simulation technics, have been used in the context of 
biological monitoring. They are useful to examine the 
sampling strategics, such as frequency of sampling and number 
of samples, effect of personal confounding factors such as 
physical, workload and biological variability. The latter 
parameter is furthermore split into several components with 
PB-PK population models', body build, liver function, renal 
function. Aerosols add another degree of complexity because 
of various panicle sizes and solubilities, influencing lung 
deposition and clearance. 

In the context of biological monitoring, OC-PK models 
leave the advantage of being simple, thus allowing the 
establishment of general rules on just a few characteristics 
of the biological indicator. The half-life has been shown to 
be a very important parameter in establishing sampling 
strategies. 

Limitations of Ihe OC-PK models can be filled by PB-PK 
models for a more accurate description and when studying 
the influence of specific physiological and metabolic 
parameters. Their extension to the aerosols, and more 
specifically the metals should greatly improve the 
understanding of their biological monitoring. 

Dermal exposure is very frequent in industrial situations 
and tills exposure route should be more often taken into 
account in modeling for biological monitoring. A simple 
model exists which allows prediction of penetration rates 
through the skin. Integration of this approach in OC-PK 
and PB-PK models should improve the understanding of the 
influence of skin exposure on biological indicators, and also 
better target for which chemicals biological monitoring is 
potentially the most important. 
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